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ORGANOMETALLIC COMPOUNDS 
AND THEIR USE AS PRECURSORS FOR FORMING FILMS AND POWDERS 
OF METAL OR METAL DERIVATIVES 

BACKGROUND OF THE INVENTION 

This invention relates to organometallic compounds of metals of Groups Vllb, 
VIII, IX, and X including manganese, technetium, rhenium, iron, cobalt, nickel, 
ruthenium, rhodium, palladium, osmium, iridium and platinum and their uses in 
chemical vapor deposition (CVD) methods for depositing films of metal or metal 
derivatives on a substrate or forming a metal or metal derivative in powder form. 
More particularly the invention relates in preferred aspects to organometallic 
precursor compounds derived from metals of Groups Vllb, VIII, IX, and X especially 
suited for high purity deposition of the metal or a derivative such as, for example, a 
metal silicide, utilizing CVD techniques. 

Metal silicides derived from metals of Groups Vllb, VIII, IX, and X are 
attractive compounds in the electronics field particularly regarding the manufacture of 
integrated circuits and micro-electronics. Interest in metal silicides is increasing as 
device scale-down progresses due to its good thermal and chemical stability, low 
resistivity, wide process window and its small lattice mismatch to the silicon crystal 
lattice, which allows the metal silicide to be grown epitaxially on silicon. 
Furthermore, the metal films derived from metals of Groups Vllb, VIII, IX, and X 
selectively deposited on silicon substrates can be made to form self-planarized 
epitaxial metal patterns whose surfaces are atomically flush with the surrounding 
silicon. 
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CVD is a particularly useful technique for deposition of metal and metal 
silicide films as compared to other methods of deposition such as plasma vapor 
deposition (PVD) methods like sputtering, e-beam evaporation, molecular beam 
epitaxy, and ion beam implantation. CVD can also be used to provide flexibility in 
the design of manufacturing electronic devices including the potential to reduce the 
number of processing phases required to provide a desired product. 

To date, CVD of various metals has been hampered by the lack of suitable 
precursor compounds. For example, conventional cobalt organometallic CVD 
precursors, such as Co(C 5 H 7 0 2 )2, Co(C 5 H 7 0 2 )3, Co 2 (CO) 8 , Co(C 5 H 5 ) 2 , 
Co(C 5 H 5 )(CO) 2 and Co(CO) 3 (NO) have not demonstrated satisfactory properties for 
use in forming device-quality cobalt silicide films. Co(C 5 H 7 0 2 ) 2 and Co(C5H 7 0 2 ) 3 
have low vapor pressures and therefore require high temperatures to produce a vapor 
flow sufficient to support CVD. Co 2 (CO) 8 is significantly more volatile and can 
produce cobalt metal coatings without the addition of a reducing agent, but is too 
thermally unstable to be a practical CVD precursor, giving rise to competing side 
reactions and decomposition during storage, even under vacuum or an inert 
atmosphere. Co(C 5 H 5 ) 2 and Co(C 5 H 5 ) (CO) 2 may be used to deposit cobalt films, but 
such films can be subject to severe carbon and oxygen contamination problems, even 
when H 2 is used as a reducing agent. Likewise, Co(CO) 3 (NO) can be subject to 
unacceptable contamination with carbon and oxygen in the resulting cobalt and cobalt 
silicide layers when deposition is conducted at less than 350 °C or with a hydrogen 
flow of less than 500 standard cubic centimeters (seem). Organometallic precursors 
based on the other metals in Groups Vllb, VIII, IX, and X have demonstrated similar 
shortcomings. 
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Therefore there remains a need in the industry for precursor compounds 
derived from metals of Groups Vllb, VIII, IX, and X suitable for CVD that can 
produce high purity, device-quality films of metals and/or metal derivatives such as, 
for example, metal silicide films. The present invention provides organometallic 
compounds which are well suited for such uses. 
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SUMMARY OF THE INVENTION 

It is one object of the present invention to provide organometallic precursor 
compounds suitable for the chemical deposition of metals such as those of Groups 
Vllb, VIII, IX, and X. It is an object to provide preferred organometallic compounds 
of metals of Groups Vllb, VIII, IX, and X with relatively high vapor pressures and 
good thermal stability such that they are vaporizable without substantial 
decomposition. It is an object of one embodiment of the present invention to provide 
preferred organometallic compounds lacking metal-carbon bonds, which are suitable 
for use in chemical vapor deposition methods, whereby high purity metals or metal 
derivatives such as for example, metal silicides may be formed. 

It is one object of another aspect of the present invention to provide novel 
organometallic compounds having relatively high vapor pressures and good thermal 
stability such that they are vaporizable without substantial decomposition. 

It is one object of yet another aspect of the present invention to provide 
chemical deposition methods to deposit films of metal or metal derivatives derived 
from metals of Groups Vllb, VIII, IX, and X on various substrates, including silicon 
and gallium arsenide (GaAs) among others and to form metal and metal derivatives in 
powder form. It is an object of this aspect of the invention to provide preferred 
methods of producing metals and metal derivatives such as, for example, metal silcide 
as films of high purity, which particularly avoid contamination of the films by carbon 
and/or oxygen. It is a further object of this aspect of the present invention to provide 
preferred CVD methods useful in the fabrication of device-quality films based on 
metals of Groups Vllb, VIII, IX, and X or the metal's derivative, such as for example, 
a metal silicide or metal oxide. 
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Various of these and other objects are achieved by the organometallic 
phosphite and phosphine compounds according to the present invention and their use 
in deposition methods. 

In one aspect of the present invention, films of metal and metal derivatives 
such as, for example, silicide are provided by the chemical deposition of metal or 
metal containing material on a substrate by contacting the substrate surface with an 
organometallic compound containing a Group Vllb, VIII, IX or X metal and having 
the general formula I 

(R^MCPR^x I 
where M is a metal selected from a Group Vllb, VIII, IX or X metal wherein (a) when 
M is manganese, technetium or rhenium, m is 1; x is 5 and m+x is 6; (b) when M is 
iron, ruthenium or osmium, m is 0, 1, 2, 3 or 4; x is 2, 3, 4 or 5 and m + x is 4, 5, 6 or 
7; (c) when M is cobalt, rhodium or iridium, m is 1, 2, 3 or 4 and x is 2, 3 or 4 and m 
+ x is 4, 5, 6, 7 or 8; and (d) when M is nickel, palladium or platinum, m is 0 or 2, x 
is 2, 3 or 4 and m + x is 2, 3, 4, 5 or 6; each R 1 is independently selected from the 
group consisting of hydrogen, deuterium, N 2 , H 2 , D 2 and a group of the formula - 
CR 3 2 -CR 3 2-R 4 ; each R 2 is independently selected from the group consisting of lower 
alkyl, aryl, arylalkyl, alkoxy, aryloxy, arylalkoxy, alkylsilyl, arylsilyl, arylalkylsilyl, 
alkoxysilyl, aryloxysilyl, arylalkoxysilyl, alkylsiloxy, arylsiloxy, arylalkylsiloxy, 
alkoxysiloxy, aryloxysiloxy, arylalkoxysiloxy, alkylsilylalkyl, arylsilylalkyl, 
arylalkysilylalkyl, alkoxysilylalkyl, aryloxysilylalkyl, arylalkoxysilylalkyl, 
alkylsiloxyalkyl, arylsiloxyalkyl, arylaJkylsiloxyalkyl, alkoxysiloxyalkyl, 
aryloxysiloxyalkyl, arylalkoxysiloxyalkyl, alkylsilylalkoxy, arylsilylalkoxy, 
arylalkylsilylalkoxy, alkoxysilylalkoxy, aryloxysilylalkoxy arylalkyloxysilylalkoxy, 
alkylsiloxyalkoxy, arylsiloxyalkoxy, arylalkylsiloxyalkoxy, alkoxysiloxyalkoxy, 
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aryloxysiloxyalkoxy, and arylalkoxysiloxyalkoxy; each R 3 is independently selected ' 
from the group consisting of hydrogen, deuterium, C r C 6 alkyl, C]-C 6 cycloalkyl, 
phenyl, benzyl, (C,-C 2 aikyl or alkoxy) 3 -silyl, and (C,-C 2 alkyl or alkoxy) 3 -siloxy and 
wherein at least two groups R 3 are selected from the group consisting of hydrogen and 
deuterium; R 4 is hydrogen or deuterium; and wherein when M is cobalt, rhodium or 
iridium and one group R 1 is selected to be N 2 , then m is 2 and the second group R 1 is 
hydrogen or deuterium. The preferred organometallic compounds of this embodiment 
of the invention are volatile and have good thermal stability in CVD processes, in that 
they can be vaporized without substantial decomposition. 

In one aspect of the present invention, powders containing metal and/or metal 
derivatives are provided by the chemical decomposition of organometallic precursors 
upon dispersing a vapor or liquid into the medium, the vapor or liquid containing an 
organometallic compound of the formula (R , ) m M(PR 2 3)x, where M is a metal selected 
from a Group Vllb, VIII, IX or X metal wherein (a) when M is manganese, 
technetium or rhenium, m is 1; x is 5 and m+x is 6; (b) when M is iron, ruthenium or 
osmium, mis 0, 1,2, 3 or 4; x is 2, 3, 4 or 5 and m + x is 4, 5, 6 or 7; (c) when M is 
cobalt, rhodium or iridium, m is 1, 2, 3 or 4 and x is 2, 3 or 4 and m + x is 4, 5, 6, 7 or 
8; and (d) when M is nickel, palladium or platinum, m is 0 or 2, x is 2, 3 or 4 and m + 
x is 2, 3, 4, 5 or 6; each R 1 is independently selected from the group consisting of 
hydrogen, deuterium, N 2 , H 2 , D 2 and a group of the formula -CR 3 2 -CR 3 2 -R 4 ; each R 2 
is independently selected from the group consisting of lower alkyl, aryl, arylalkyl, 
alkoxy, aryloxy, arylalkoxy, alkylsilyl, arylsilyl, arylalkylsilyl, alkoxysilyl, 
aryloxysilyl, arylalkoxysilyl, alkylsiloxy, arylsiloxy, arylalkylsiloxy, alkoxysiloxy, 
aryloxysiloxy, arylalkoxysiloxy, alkylsilylalkyl, arylsilylalkyl, arylalkysilylalkyl, 
alkoxysilylalkyl, aryloxysilylalkyl, arylalkoxysilylalkyl, alkylsiloxyalkyl, 
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arylsiloxyalkyl, arylalkylsiloxyalkyl, alkoxysiloxyalkyl, aryloxysiloxyalkyl, 
arylalkoxysiloxyalkyl, alkylsilylalkoxy, arylsilylalkoxy, arylalkylsilylalkoxy, 
alkoxysilylalkoxy, aryloxysilylalkoxy arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, 
arylsiloxyalkoxy, arylalkylsiloxyalkoxy, alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, 
and arylalkoxysiloxyalkoxy; each R 3 is independently selected from the group 
consisting of hydrogen, deuterium, C r C 6 alkyl, d-C 6 cycloalkyl, phenyl, benzyl, 
(C|-C 2 alkyl or alkoxy) 3 -silyl, and (C1-C2 alkyl or alkoxy) 3 -siloxy and wherein at least 
two groups R 3 are selected from the group consisting of hydrogen and deuterium; R 4 
is hydrogen or deuterium; and wherein when M is cobalt, rhodium or iridium and one 
group R 1 is selected to be N 2 , then m is 2 and the second group R l is hydrogen or 
deuterium. The preferred organometallic compounds of this embodiment of the 
invention are volatile and have good thermal stability in CVD processes, in that they 
can be vaporized without substantial decomposition. 

"Organometallic" means a compound having at least one metal atom and at 
least one organic moiety. "Organic moiety," as used herein, means a portion of a 
molecule bonded to the remainder of the molecule, and including at least one carbon 
atom. 

Preferred embodiments include, but are not limited to, depositing a metal film 
on an integrated circuit device work piece. Films comprised of metal derivatives, 
such as for example, a metal silicide, may be formed by annealing such metal films 
after deposition on the substrate, or alternatively, by conducting chemical vapor 
deposition with a mixture of a metal compound according to the present invention and 
one or more silicon chemical vapor deposition precursor compounds. Such metal 
and/or metal silicide films can be selectively deposited on an integrated circuit work 
piece to provide electrically conductive contacts on the work piece. 
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In preferred embodiments of the present invention: 

a. ) R 1 is hydrogen or deuterium, 

or, 

b. ) m is 0. 

The metal hydrides of these preferred embodiments advantageously lack metal-carbon bonds. 

In another preferred embodiment, novel organometallic phosphite and 
phosphine compounds of formula I are provided wherein groups R 2 are not all the 
same moiety. In another preferred embodiment, at least one of groups R 2 contain a 
silicon atom, as for example, but without limitation, when R 2 is alkylsilyl, arylsilyl, 
arylalkylsilyl, alkoxysilyl, aryloxysilyl, arylalkoxysilyl, alkylsiloxy, arylsiloxy, 
arylalkylsiloxy, alkoxysiloxy, aryloxysiloxy, arylalkoxysiloxy, alkylsilylalkyl, 
arylsilylalkyl, arylalkysilylalkyl, alkoxysilylalkyl, aryloxysilylalkyl, 
arylalkoxysilylalkyl, alkylsiloxyalkyl, arylsiloxyalkyl, arylalkylsiloxyalkyl, 
alkoxysiloxyalkyl, aryloxysiloxy alky 1, arylalkoxysiloxyalkyl, alkylsilylalkoxy, 
arylsilylalkoxy, arylalkylsilylalkoxy, alkoxysilylalkoxy, aryloxysilylalkoxy 
arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, arylsiloxyalkoxy, arylalkylsiloxyalkoxy, 
alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, and arylalkoxysiloxyalkoxy. 

In another aspect of the present invention, chemical deposition methods are 
provided for depositing metal, metal oxide and/or metal silicide films on a substrate 
by contacting the substrate surface with at least one metal precursor compound 
according to the present invention with the surface heated to a temperature at or above 
which the metal compound reacts to provide the film. In one embodiment of this 
aspect, the surface is heated to a temperature at or above the thermal decomposition 
temperature of the organometallic compound. In another embodiment, the surface 
facilitates the decomposition reaction of the organometallic compound at a 
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temperature below the thermal decomposition temperature of the organometallic 
compound. 

The metal precursor compounds of the present invention may also be adapted 
to liquid state chemical deposition methods as well as any known CVD method, with 
the conditions for a given application depending on the precursor compound used, the 
substrate being coated, and the thickness of metal film desired. For liquid phase 
delivery of metal compounds of the present invention, liquid metal precursor 
compounds can be delivered to the substrate surface neat or in a solvent compatible 
with the compound and substrate. Solid metal precursor compounds can be delivered 
in similarly compatible solvents. Any known liquid application methods can be 
adapted for use with the present metal compounds, including atomization and other 
liquid spray techniques. 

In CVD methods, inert carrier gases and/or reducing agents, as for example, 
but without limitation, hydrogen may optionally be used with the present metal 
compounds in CVD methods. In preferred embodiments, device quality metal or 
metal silicide films may be produced. 

Spray pyrolysis and the techniques described above can also be used without a 
substrate to deliver the precursor compounds into a medium such as nitrogen at a 
sufficient temperature to cause the formation of metals or metal derivatives in powder 
form. The metal powders produced in this manner, like the films deposited on 
substrates, are suited for high purity applications. 

Related objects and advantages of the present invention will be apparent from 
the following detailed description of the preferred embodiments. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 is a schematic cross section of a substrate with a metal film thereon 
or a film thereon derived from a metal derivative such as, for example, a metal 
silicide. 

Figures 2 and 3 are schematic cross section illustrations of a generalized 
integrated circuit work piece at different processing stages. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
For the purposes of promoting an understanding of the principles of the 
invention, reference will now be made to specific preferred embodiments and specific 
language will be used to describe the same. It will nevertheless be understood that no 
limitation of the scope of the invention is thereby intended. Any alterations and 
modifications in the described invention, and any further applications of the principles 
of the invention as illustrated therein are contemplated as would normally occur to 
one skilled in the art to which the invention relates. 

Typical CVD processes involve placing a substrate to be coated in a reaction 
chamber where the atmosphere can be controlled and introducing a gas flow that 
includes one or more vaporized precursor compounds and optionally an inert carrier 
gas and/or a co-reactant, such as a vaporized reducing agent. Typically, at least a 
portion of the substrate's surface is heated, most often to at least the thermal 
decomposition temperature of the precursor compound(s), whereupon the precursor 
compound(s) decompose upon contact with the surface and/or co-reactant(s) to 
deposit material on the substrate surface. Ideally, when the precursor compound 
decomposes, only the desired material is deposited and the remaining decomposition 
products remain in the vapor state and are evacuated or vented from the reaction 
chamber. In some, preferred CVD methods, the surface catalyzes, or otherwise 
facilitates the decomposition reaction, allowing the reaction to occur at the substrate 
surface at temperatures below the thermal decomposition temperature of the precursor 
compound(s). Many CVD processes use organometallic precursor compounds, which 
thermally or catalytically decompose at the heated substrate surface to deposit the 
metal or a metal containing material and release the organic moieties as vapors which 
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are vented from the chamber. CVD processes include the conventional CVD 
processes, and other deposition processes utilizing chemical vapors such as, plasma 
assisted CVD and atomic layer deposition processes. 

In desirable CVD processes, it is desirable that a CVD precursor compound be 
sufficiently volatile to generate a vapor pressure that can support CVD at a practical 
deposition rate. At the same time, it is desirable that the precursor be thermally stable 
at temperatures needed to generate the required vapor pressure. Likewise, the 
compound should be thermally stable enough to not decompose prematurely, before 
contacting the substrate, so as to maximize deposition of the product metal and 
minimize contaminants on the desired substrate surface. Lastly, for these desirable 
processes, it is desirable that the organic decomposition products remain in the vapor 
state and not react with the substrate or the metal-coated surface to avoid 
contamination of the coating. 

In one embodiment of the present invention there is provided the use of 
organometallic compounds of metals of Groups Vllb, VIII, IX, and X in the 
deposition of metal films on desired substrates, wherein the compounds are volatile 
and have good thermal stability in CVD processes. Preferred organometallic 
compounds of the present invention are well suited for use in CVD processes in that 
they have sufficiently high vapor pressures to support CVD at practical deposition 
rates and are sufficiently thermally stable to be vaporizable without decomposing to a 
substantial degree. 

Likewise, preferred organometallic compounds of the present invention 
decompose such that metal is deposited and the remaining decomposition products 
remain in the vapor state which advantageously renders them easily removable from 
the reaction chamber by venting or evacuating them out of the chamber. 
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It is to be understood that though the organometallic precursors of the present- 
invention are well suited for use as precursor compounds in CVD processes, they may 
also be used to advantage in the liquid phase chemical deposition of metals on the 
surface of many solids. Those organometallic compounds which are liquids under 
reaction conditions, may be delivered to the substrate surface by any known 
techniques, either neat, or in a suitable solvent, as for example, but without limitation, 
atomization and other spray techniques, including, but not limited to electro-spray, as 
well as dipping the substrate into a liquid bath. Those organometallic compounds 
which are solid under reaction conditions may be delivered to the substrate surface in 
a suitable solvent. Methods for preparing metals and/or metal derivatives in powder 
form can utilize the standard CVD methods or any of the dispersal methods utilized to 
prepare films. 

Preferred organometallic compounds of the present invention do not require 
reducing agents or carrier gases to produce metal films when used in CVD processes. 
However, reducing agents, as for example, but without limitation, hydrogen, may be 
used if desired as a co-reactant in CVD processes with the inventive metal precursor 
compounds. 

In other embodiments of the present invention, other co-reactants, as for 
example, but without limitation, silane or disilane, may optionally be used with the 
present organometallic compounds to co-deposit a metal and other materials, or metal 
containing compounds, as for example but without limitation, metal silicides, on the 
substrate surface. In such methods, the vapor components can either be combined to 
provide a mixed feed whereby the components react with one another simultaneously 
or reacted sequentially to cause deposition of a metal or metal containing compound 
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on the substrate surface, while the organic decomposition by-products remain in the 
vapor state and are evacuated from the reaction chamber. 

For embodiments of the present invention involving CVD processes, preferred 
organometallic compounds are relatively volatile such that they have a vapor pressure 
sufficient to support the CVD process. Particularly preferred compounds are liquids 
at room temperature. In another embodiment, preferred compounds can be distilled or 
sublimed, either at ambient pressures or under vacuum at temperatures below their 
thermal decomposition temperatures. Particularly preferred compounds are distillable 
or sublimable at or below a temperature of about 200°C and a pressure of about 0.05 
mm Hg, more preferably, at or below 150°C and 0.05 mm Hg. 

Likewise for embodiments of the present invention involving CVD processes, 
the high end of the thermal or catalytic decomposition temperature for the 
organometallic compound is dictated by the thermal stability of the substrate; the 
decomposition temperature, or temperature at which the substrate surface would 
catalytically decompose the compound, is preferably below the temperature at which 
the substrate would melt, decompose or otherwise be adversely effected. These 
temperatures are well known to those skilled in the art or are readily ascertainable by 
standard techniques. Thermal decomposition temperatures for preferred 
organometallic compounds of the present invention are significantly above a 
temperature at which the compound's vapor pressure is sufficient to support CVD, but 
below the temperature at which damage to the substrate would occur. Preferred 
thermal decomposition temperatures are between about 100°C and about 700°C, and 
more particularly between about 130°C and about 400°C. 

Preferred organometallic precursor compounds according to the present 
invention are of the formula I, 
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(R ! )mM(PR 2 3 ) x I 

where: 

(1) M is a metal selected from the group consisting of manganese, technetium, 
rhenium, iron, ruthenium, osmium, nickel, palladium, and platinum; each R 1 is 
independently selected from the group consisting of hydrogen, deuterium, H 2 , D 2 and 
a group of the formula -CR 3 2 -CR 3 2 -R 4 , each R 2 is independently selected from the 
group consisting arylalkyl, arylalkoxy, alkylsilyl, arylsilyl, arylalkylsilyl, alkoxysilyl, 
aryloxysilyl, arylalkoxysilyl, alkylsiloxy, arylsiloxy, arylalkylsiloxy, alkoxysiloxy, 
aryloxysiloxy, arylalkoxysiloxy, alkylsilylalkyl, arylsilylalkyl, arylalkysilylalkyl, 
alkoxysilylalkyl, aryloxysilylalkyl, arylalkoxysilylalkyl, alkylsiloxyalkyl, 
arylsiloxyalkyl, arylalkylsiloxyalkyl, alkoxysiloxyalkyl, aryloxysiloxyalkyl, 
arylalkoxysiloxyalkyl, alkylsilylalkoxy, arylsilylalkoxy, arylalkylsilylalkoxy, 
alkoxysilylalkoxy, aryloxysilylalkoxy arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, 
arylsiloxyalkoxy, arylalkylsiloxyalkoxy, alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, 
and arylalkoxysiloxyalkoxy; each R 3 is independently selected from the group 
consisting of hydrogen, deuterium, C,-C 6 alkyl, C r C 6 cycloalkyl, phenyl, benzyl, (d- 
C 2 alkyl or alkoxy) 3 -silyl, and (C r C 2 alkyl or alkoxy) 3 -siloxy and wherein at least two 
groups R 3 are selected from the group consisting of hydrogen and deuterium; R 4 is 
hydrogen or deuterium; and wherein (a) when M is manganese, technetium or 
rhenium, m is 1, x is 5 and m+x is 6 and wherein said R 2 groups are not all the same; 
(b) when M is iron, ruthenium or osmium m is 0, 1, 2, 3 or 4; x is 2, 3, 4 or 5 and m + 
x is 4, 5, 6 or 7; and wherein said R 2 groups are not all the same; and (c) when M is 
nickel, palladium or platinum m is 0 or 2, x is 2, 3 or 4 and m + x is 2, 3, 4, 5 or 6, and 
wherein said R 2 groups are not all the same; 
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(2) M is a metal selected from the group consisting of rhodium and iridium; m is 1, 3 - 
or 4; x is 2, 3 or 4; and m + x is 4, 5, 6, 7 or 8; each R 1 is independently selected from 
the group consisting of hydrogen, deuterium, N 2 , H 2 , D 2 and a group of the formula 
-CR 3 2-CR 3 2 -R 4 ; each R 2 is independently selected from the group consisting of 
arylalkyl, alkoxy, aryloxy, arylalkoxy, alkylsilyl, arylsilyl, arylalkylsilyl, alkoxysilyl, 
aryloxysilyl, arylalkoxysilyl, alkylsiloxy, arylsiloxy, arylalkylsiloxy, alkoxysiloxy, 
aryloxysiloxy, arylalkoxysiloxy, alkylsilylalkyl, arylsilylalkyl, arylalkysilylalkyl, 
alkoxysilylalkyl, aryloxysilylalkyl, arylalkoxysilylalkyl, alkylsiloxyalkyl, 
arylsiloxyalkyl, arylalkylsiloxyalkyl, alkoxysiloxyalkyl, aryloxysiloxyalkyl, 
arylalkoxysiloxyalkyl, alkylsilylalkoxy, arylsilyl alkoxy, arylalkylsilylalkoxy, 
alkoxysilylalkoxy, aryloxysilylalkoxy arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, 
arylsiloxy alkoxy, arylalkylsiloxyalkoxy, alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, 
and arylalkoxysiloxyalkoxy; each R 3 is independently selected from the group 
consisting of hydrogen, deuterium, Ci-C 6 alkyl, Ci-C 6 cycloaIkyl, phenyl, benzyl, 
(CrC 2 alkyl or alkoxy) 3 -silyl, and (Ci-C 2 alkyl or alkoxy) 3 -siloxy and wherein at least 
two groups R 3 are selected from the group consisting of hydrogen and deuterium; R 4 
is hydrogen or deuterium; and wherein said R 2 groups are not all the same; or 

(3) M is cobalt; m is 1, 2, or 3; x is 3 or 4; m + x is 5 or 6; each R l is independently 
selected from the group consisting of hydrogen, deuterium, N 2 , H 2 , D 2 and a group of 
the formula -CR 3 2 -CR 3 2 -R 4 ; each R 2 is independently selected from the group 
consisting of lower alkyl, aryl, arylalkyl, alkoxy, aryloxy, arylalkoxy, alkylsilyl, 
arylsilyl, arylalkylsilyl, alkoxysilyl, aryloxysilyl, arylalkoxysilyl, alkylsiloxy, 
arylsiloxy, arylalkylsiloxy, alkoxysiloxy, aryloxysiloxy, arylalkoxysiloxy, 
alkylsilylalkyl, arylsilylalkyl, arylalkysilylalkyl, alkoxysilylalkyl, aryloxysilylalkyl, 
arylalkoxysilylalkyl, alkylsiloxyalkyl, arylsiloxyalkyl, arylalkylsiloxyalkyl, 

Express Mail Label No. EV432598396US 



17 

alkoxysiloxyalkyl, aryloxysiloxyalkyl, arylalkoxysiloxyalkyl, alkylsiiylalkoxy, 
arylsilylalkoxy, arylalkylsilylalkoxy, alkoxysilylalkoxy, aryloxysilylalkoxy 
arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, arylsiloxyalkoxy, arylalkylsiloxyalkoxy, 
alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, and arylalkoxysiloxyalkoxy; each R 3 is 
independently selected from the group consisting of hydrogen, deuterium, Ci-C 6 
alkyl, Ci-C 6 cycloa!kyl, phenyl, benzyl, (C x -C 2 alkyl or alkoxy) 3 -silyl, and (C r C 2 
alkyl or alkoxy) 3 -siloxy and wherein at least two groups R 3 are selected from the 
group consisting of hydrogen and deuterium; R 4 is hydrogen or deuterium; and 
wherein when one group R 1 is selected to be N 2 , then m is 2 and the second group R 1 
is hydrogen or deuterium; and wherein said R 2 groups are not all the same. 

The size and degree of branching of groups R 1 and R 2 can effect the volatility 
of the organometallic compound and it's thermal decomposition characteristics, 
including the volatility of the organic decomposition by-products. Selection of R l and 
R 2 can be manipulated to derive precursor compounds with desired vapor pressures at 
a given temperature. Preferred alkyl and alkoxy moieties are branched or unbranched 
Ci-C 6 alkyl and alkoxy. As used herein, aryl means a hydrocarbon moiety including 
an aromatic 6-carbon ring or condensed aromatic 6-carbon rings and optionally 
having alkyl substitutions on the ring(s). Preferred aryl is one 6-carbon ring, 
optionally having one or two C r C 3 alkyl substitutions thereon. As used herein, alkyl, 
aryl or alkoxy moiety means any distinct hydrocarbon portion of R 1 or R 2 , as for 
example, alkylsilylalkyl containing two distinct alkyl moieties, each bonded directly 
to the same silicon atom. 

Particularly preferred organometallic precursor compounds of formula I are 
those wherein: 

a.) R 1 is hydrogen or deuterium 
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or, 

b.) m is 0. 

These embodiments do not contain any metal-carbon bonds. It has been 
surprisingly found that eliminating direct metal-carbon bonds in an organometallic 
precursor compound significantly decreases the potential for contamination of the 
resulting metal film by carbon and/or oxygen. 

For those embodiments of organometallic compounds of the present invention 
derived from metals of Group IX where one R 1 group is selected to be N2, m is then 2 
and the second R l group is hydrogen. The bonding of the N 2 moiety is through pi 
bonding of the moiety as a whole to the metal atom, as opposed to sigma or sp hybrid 
bonding of one nitrogen atom to metal. 

For those embodiments of organometallic compounds of the present invention 
where R 1 is a group of the formula -CR 3 2 -CR 3 2 -R 4 , R 4 is hydrogen or deuterium. As 
such, R 1 is an organic group with a tautomerizable P-hydrogen or P-deuterium. 
Without being bound to a particular theory, these R ! groups are thought to exist in two 
tautomeric forms, one with the R 1 group bond to the metal through sp hybrid bonding 
to the a-carbon, and the other with the R 4 P-hydrogen or p-deuterium displacing to the 
metal atom as a hydride and the resulting a,P-carbon-carbon double bonding to the 
metal atom through pi bonding. It is believed that such a tautomeric carbon-metal 
bonding enhances the ability of these metal compounds to decompose to deposit metal 
on a substrate surface, while greatly reducing the potential for contamination of the 
resulting metal film with carbon. 

Preferred R 2 groups are those wherein any alkyl moiety is Ci-C 6 alkyl, any 
aryl moiety is phenyl or C1-G3 mono- or di-substituted phenyl, and any alkoxy moiety 
is Cj-C6 alkoxy. 
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Also particularly preferred are organometallic compounds wherein at least one. 
of the R 2 groups contains at least one silicon atom. Preferred silicon containing R 2 
groups include alkylsilyl, arylsilyl, arylalkylsilyl, alkoxysilyl, aryloxysilyl, 
arylalkoxysilyl, alkylsiloxy, arylsiloxy, arylalkylsiloxy, alkoxysiloxy, aryloxysiloxy, 
arylalkoxysiloxy, alkylsilylalkyl, arylsilylalkyl, arylalkysilylalkyl, alkoxysilylalkyl, 
aryloxysilylalkyl, arylalkoxysilylalkyl, alkylsiloxyalkyl, arylsiloxyalkyl, 
arylalkylsiloxyalkyl, alkoxysiloxyalkyl, aryloxysiloxyalkyl, arylalkoxysiloxyalkyl, 
alkylsilylalkoxy, arylsilylalkoxy, arylalkylsilylalkoxy, alkoxysilylalkoxy, 
aryloxysilylalkoxy arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, arylsiloxyalkoxy, 
arylalkylsiloxyalkoxy, alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, and 
arylalkoxysiloxyalkoxy. It has been surprisingly found that several of these 
compounds are liquids at room temperature, having acceptably high vapor pressures 
for C VD and exhibit favorable thermal stability in CVD processes. 

Organometallic compounds wherein at least one of the R 2 groups is selected to 
be alkylsilyl, arylsilyl, arylalkylsilyl, alkoxysilyl, aryloxysilyl, arylalkoxysilyl, 
alkylsiloxy, arylsiloxy, arylalkylsiloxy, alkoxysiloxy, aryloxysiloxy, arylalkoxysiloxy, 
alkylsilylalkyl, arylsilylalkyl, arylalkysilylalkyl, alkoxysilylalkyl, aryloxysilylalkyl, 
arylalkoxysilylalkyl, alkylsiloxyalkyl, arylsiloxyalkyl, arylalkylsiloxyalkyl, 
alkoxysiloxyalkyl, aryloxysiloxyalkyl, arylalkoxysiloxyalkyl, alkylsilylalkoxy, 
arylsilylalkoxy, arylalkylsilylalkoxy, alkoxysilylalkoxy, aryloxysilylalkoxy 
arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, arylsiloxyalkoxy, arylalkylsiloxyalkoxy, 
alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, or arylalkoxysiloxyalkoxy, and wherein R 1 
is hydrogen or deuterium are yet more preferred. 

It is to be understood that any silicon atom in an organometallic compound of 
the present invention will have four substituents bound to it, and that preferred 
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compounds are those in which none of the silicon-bound substituents are hydrogen or. 
deuterium. 

Suitable organometallic precursor compounds include, but are not limited to 
the following: 

Exemplary compounds with C-Co bonds: 

(CH 3 CH 2 )Co(P(CH 3 )3)3, 

(CH 3 CH 2 )Co[P(OCH 3 ) 3 ] 3 , 

(C4H 9 )Co[P(OCH 3 ) 3 ] 3 , 

(C 6 H 5 -CH 2 CH 2 )Co[P(OCH 3 ) 3 ] 3 , 

((CH 3 ) 3 SiCH 3 CH 2 )Co[P(OCH 3 ) 3 ] 3) 

((OCH 3 ) 3 SiOCH 3 CH 2 )Co[P(OCH 3 ) 3 ] 3 ; 
Preferred silyl phosphite compounds with C-Co bonds: 

(C 2 H 5 )Co[(CH 3 0) 3 SiOP(OCH 3 ) 2 ] 4 , 

(C 2 H 5 )Co[(CH 3 ) 3 Si-P(CH 3 ) 2 ] 4 , 

(C 2 H s )Co[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 4 ; 
Preferred organometallic precursor compounds of formula I wherein R 1 is hydrogen 
and M is iron, ruthenium or osmium are: 

H 2 M[P(OCH 3 ) 3 ] 4 , 

H 2 M[P(OC 2 H 5 ) 3 ] 4 , 

H 2 M[P(OC 3 H 7 ) 3 ] 4> 

H 2 M[P(OCH(CH 3 ) 2 ) 3 ] 4 , 

H 2 M[P(OC 4 H 9 ) 3 ] 4 , 

H 2 M[P(OCH(CH 3 )(CH 2 CH 3 )) 3 ] 4 , 

H 2 M[P(OCH 2 CH(CH 3 ) 2 ) 3 ] 4 , 

H 2 M[(C 6 H 5 )OP(OCH 3 ) 2 ] 4( 
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H 2 M[(C 6 H 5 )OP(OC 2 H 5 ) 2 ] 4 , 
H 2 M[(C 6 H 5 )CH 2 OP(OCH 3 ) 2 ] 4 , 
H 2 M[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ]4, 
H 2 M[(C 3 H 7 )OP(OCH 3 ) 2 J 4) 

H 2 M[(CH 3 )3COP(OC 2 H 5 ) 2 ]4, 

H 2 M[(CH 3 )OP(OC 2 H 5 ) 2 ]4 

H 2 M[(C 2 H s )OP(OCH 3 ) 2 ] 4 , 

H 2 M[(C 4 H 9 )OP(OC 2 H 5 ) 2 ]4, 

H 2 M[(C4H 9 )OP(OCH 3 ) 2 ]4, 

H 2 M[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

H 2 M[(CH 3 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 , 

H 2 M[(C 2 H 5 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

H 2 M[(C 2 H 5 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 , 

Preferred organic precursor compounds of formula I wherein m is 0 and M is 
iron, ruthenium or osmium are: 
M[(C 6 H 5 )OP(OCH 3 ) 2 ] 5 , 
M[(C6H 5 )OP(OC 2 H 5 ) 2 ] 5 , 
M[(C 6 H 5 )CH 2 OP(OCH 3 ) 2 ] 5 , 
M[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ] 5 , 
M[(C 3 H 7 )OP(OCH 3 ) 2 ] 5 , 
M[(C4H 9 )OP(OC 2 H 5 ) 2 ] s , 
M[(CH 3 )OP(OC 2 H 5 ) 2 ] 5 , 
M[(C 2 H 5 )OP(OCH 3 ) 2 ] 5 , 
M[(C 4 H 9 )OP(OCH 3 ) 2 ] 5 
M[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 5 . 
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M[(CH 3 ) 3 SiOP(OC 2 H 5 ) 2 ] 5> 

M[(C 2 H 5 ) 3 SiOP(OCH 3 ) 2 ] 5 , 

M[(C 2 H5)3SiOP(OC 2 H 5 ) 2 ]5; 
Preferred organometallic precursor compounds of formula I wherein R 1 is hydrogen 
and M is cobalt are: 

HCo[P(OCH 3 ) 3 ] 4 , 

HCo[P(OC 2 H 5 ) 3 ] 4 , 

HCo[P(OC 3 H 7 ) 3 ] 4 , 

HCo[P(OCH(CH 3 ) 2 ) 3 ] 4 , 

HCo[P(OC4H 9 ) 3 ]4. 

HCo[P(OCH(CH 3 )(CH 2 CH 3 )) 3 ] 4 , 

HCo[P(OCH 2 CH(CH 3 ) 2 ) 3 ] 4 , 

HCo[(C 6 H 5 )OP(OCH 3 ) 2 ] 4 , 

HCo[(C 6 H 5 )OP(OC 2 H 5 ) 2 ] 4 , 

HCo[(QH 5 )CH 2 OP(OCH 3 ) 2 ] 4 , 

HCo[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ] 4 , 

HCo[(C 3 H 7 )OP(OCH 3 ) 2 ] 4 , 

HCo[(CH 3 ) 3 COP(OC 2 H 5 ) 2 ] 4 , 

HCo[(CH 3 )OP(OC 2 H 5 ) 2 ] 4 

HCo[(C 2 H 5 )OP(OCH 3 ) 2 ] 4 , 

HCo[(C 4 H 9 )OP(OC 2 H 5 ) 2 ] 4 , 

HCo[(C 4 H 9 )OP(OCH 3 ) 2 ] 4 , 

HCo[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

HCo[(CH 3 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 , 

HCo[(C 2 H 5 ) 3 SiOP(OCH 3 ) 2 ] 4 , 
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HCo[(C 2 H 5 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 ; 
Preferred organometallic precursor compounds of formula I wherein R 1 is hydrogen 
and M is rhodium are: 

HRh[P(OCH 3 ) 3 ] 4 , 

HRh[P(OC 2 H 5 ) 3 ]4, 

HRh[P(OC 3 H 7 ) 3 ] 4 , 

HRh[P(OCH(CH 3 ) 2 ) 3 ] 4 , 

HRh[P(OC 4 H 9 ) 3 ]4, 

HRh[P(OCH(CH 3 )(CH 2 CH 3 )) 3 ] 4 , 

HRh[P(OCH 2 CH(CH 3 ) 2 ) 3 ] 4 , 

HRh[(C 6 H 5 )OP(OCH 3 ) 2 ] 4 , 

HRh[(C 6 H 5 )OP(OC 2 H 5 )2]4, 
HRh[(C 6 H 5 )CH 2 OP(OCH 3 ) 2 ] 4 , 

HRh[(C6H 5 )CH 2 OP(OC 2 H5) 2 ]4, 

HRh[(C 3 H 7 )OP(OCH 3 ) 2 ] 4 , 

HRh[(CH 3 ) 3 COP(OC 2 H 5 ) 2 ] 4 , 

HRh[(CH 3 )OP(OC 2 H 5 ) 2 ] 4 

HRh[(C 2 H 5 )OP(OCH 3 ) 2 ] 4 , 

HRh[(C 4 H 9 )OP(OC 2 H 5 ) 2 ] 4 , 

HRh[(C4H 9 )OP(OCH 3 ) 2 ] 4 , 

HRh[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

HRh[(CH 3 ) 3 SiOP(OC 2 H5) 2 ] 4 , 

HRh[(C 2 H 5 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

HRh[(C 2 H 5 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 ; 
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Preferred organometallic precursor compounds of formula I wherein R 1 is hydrogen , 
and M is iridium are: 

H 3 Ir[P(OCH 3 )3]3, 

H 3 Ir[P(OC 2 H5)3]3. 

H3lr[P(OC 3 H 7 )3]3, 

H 3 Ir[P(OCH(CH 3 ) 2 )3]3, 

H 3 Ir[P(OC 4 H 9 )3]3. 

H 3 Ir[P(OCH(CH3)(CH 2 CH3))3] 3 , 

H 3 Ir[P(OCH 2 CH(CH 3 ) 2 ) 3 ] 3 , 

H3lr[(C 6 H 5 )OP(OCH 3 ) 2 ]3, 

H 3 Ir[(C 6 H 5 )OP(OC 2 H 5 ) 2 ] 3 , 

H 3 Ir[(C 6 H 5 )CH 2 OP(OCH 3 ) 2 ] 3 , 

H 3 Ir[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ] 3 , 

H 3 Ir[(C 3 H 7 )OP(OCH 3 ) 2 ] 3 , 

H 3 Ir[(CH 3 ) 3 COP(OC 2 H 5 ) 2 ] 3 , 

H 3 Ir[(CH 3 )OP(OC 2 H 5 ) 2 ] 3 

H 3 Ir[(C 2 H 5 )OP(OCH 3 ) 2 ] 3 , 

H 3 Ir[(C4H 9 )OP(OC 2 H 5 )2] 3 , 

H 3 Ir[(C 4 H 9 )OP(OCH 3 ) 2 ] 3 , 

H 3 Ir[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 3 , 

H 3 Ir[(CH 3 ) 3 SiOP(OC 2 H 5 ) 2 ] 3 , 

H 3 Ir[(C 2 H 5 ) 3 SiOP(OCH 3 ) 2 ] 3 , 

H 3 Ir[(C 2 H 5 ) 3 SiOP(OC 2 H 5 ) 2 ] 3 

H 5 Ir[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 2 , 

H 5 Ir[(CH 3 ) 3 SiOP(OC 2 H 5 ) 2 ] 2 , 
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H 5 Ir[(C2H 5 )3SiOP(OCH 3 )2]2, 

H 5 Ir[(C 2 H 5 ) 3 SiOP(OC 2 H 5 ) 2 ] 2: 
Preferred organometallic precursor compounds of formula I wherein m is 0 and M is 
nickel, palladium or platinum are: 

M[(C 6 H 5 )OP(OCH 3 )2]2. 

M[(C 6 H 5 )OP(OC 2 H 5 )2]2, 

M[(C 6 H 5 )CH 2 OP(OCH 3 ) 2 ] 2 , 

M[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ] 2 , 

M[(C 3 H 7 )OP(OCH 3 )2]2, 

M[(C 4 H 9 )OP(OC 2 H5)2]2, 

M[(CH 3 )OP(OG 2 H 5 ) 2 ] 2 , 

M[(C 2 H 5 )OP(OCH 3 ) 2 ] 2 , 

M[(C 4 H 9 )OP(OCH 3 ) 2 ] 2 , 

M[(C 6 H 5 )OP(OCH 3 ) 2 ] 3 . 

M[(C 6 H 5 )OP(OC 2 H 5 ) 2 ] 3 , 

M[(C 6 H5)CH 2 OP(OCH 3 )2] 3 , 

M[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ] 3 , 

M[(C 3 H 7 )OP(OCH 3 ) 2 ] 3 , 

M[(C4H9)OP(OC 2 H 5 ) 2 ] 3 , 

M[(CH 3 )OP(OC 2 H 5 ) 2 ] 3) 

M[(C 2 H 5 )OP(OCH 3 ) 2 ] 3 , 

M[(C 4 H 9 )OP(OCH 3 ) 2 ] 3: 

M[P(OCH 3 ) 3 ] 4 , 

M[P(OC 2 H 5 ) 3 ] 4 . 

M[P(OC 3 H 7 ) 3 ] 4 , 
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M[P(OCH(CH 3 ) 2 ) 3 ]4, 

M[P(OC 4 H 9 )3k 

M[P(OCH(CH 3 )(CH 2 CH 3 )) 3 ] 4 , 

M[P(OCH 2 CH(CH 3 ) 2 ) 3 ] 4 , 

M[(C 6 H 5 )OP(OCH 3 ) 2 ] 4 , 

M[(C 6 H 5 )OP(OC 2 Hs) 2 ]4, 

M[(C 6 H 5 )CH 2 OP(OCH 3 ) 2 ] 4 , 

M[(C 6 H 5 )CH 2 OP(OC 2 H 5 ) 2 ] 4 , 

M[(C 3 H 7 )OP(OCH 3 ) 2 ] 4 , 

M[(CH 3 ) 3 COP(OC 2 H 5 ) 2 ] 4 , 

M[(CH 3 )OP(OC 2 H 5 ) 2 ] 4 

M[(C 2 H 5 )OP(OCH 3 ) 2 ] 4 , 

Mf(C 4 H 9 )OP(OC 2 H 5 ) 2 j 4 , 

M[(C 4 H 9 )OP(OCH 3 ) 2 ] 4 , 

M[(CH 3 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

M[(CH 3 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 , 

M[(C 2 H 5 ) 3 SiOP(OCH 3 ) 2 ] 4 , 

M[(C 2 H 5 ) 3 SiOP(OC 2 H 5 ) 2 ] 4 ; 
as well as analogs substituting deuterium in place of any hydrogen. 

In another aspect of the present invention, novel metal organophosphites and 
phosphines derived from manganese, technetium, rhenium, iron, ruthenium, osmium, 
cobalt, rhodium, iridium, nickel palladium and platinum are provided. The novel 
organometallic compounds of this aspect of the present invention are of formula I, 
wherein the R 2 groups are not all the same. Preferred compounds of this aspect of the 
invention are cobalt compounds wherein at least one group R 2 is alkylsilyl, arylsilyl, 
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arylalkylsilyl, alkoxysilyl, aryloxysilyl, arylalkoxysilyl, alkylsiloxy, arylsiloxy, 
arylalkylsiloxy, alkoxysiloxy, aryloxysiloxy, arylalkoxysiloxy, alkylsilylalkyl, 
arylsilylalkyl, arylalkysilylalkyl, alkoxysilylalkyl, aryloxysilylalkyl, 
arylalkoxysilylalkyl, alkylsiloxyalkyl, arylsiloxyalkyl, arylalkylsiloxyalkyl, 
alkoxysiloxyalkyl, aryloxysiloxyalkyl, arylalkoxysiloxyalkyl, alkylsilylalkoxy, 
arylsilylalkoxy, arylalkylsilylalkoxy, alkoxysilylalkoxy, aryloxysilylalkoxy 
arylalkyloxysilylalkoxy, alkylsiloxyalkoxy, arylsiloxyalkoxy, arylalkylsiloxyalkoxy, 
alkoxysiloxyalkoxy, aryloxysiloxyalkoxy, and arylalkoxysiloxyalkoxy. Particularly 
preferred compounds of this aspect of the invention are those in which R 1 is hydrogen 
or deuterium. 

This new class of organometallic compounds can be synthesized by preparing 
the mixed phosphite or phosphine, followed by reaction with a metal salt, as for 
example, but without limitation, CoCl 2 . By way of example, a mixed phosphite can 
be synthesized by reacting phosphorus trichloride in a suitable organic solvent in two 
or three cycles with the alcohols of the desired R groups in equimolar ratio with a 
proton scavenger. One non-limiting illustration would be to react PCI3 in diethyl 
ether at -78°C with 1 molar equivalent of ethanol and 1 molar equivalent of 
dimethylaniline. After the reaction has run to completion, a second aliquot of 2 molar 
equivalents of both methanol and dimethylaniline are added and the second reaction 
run to completion at room temperature to produce ethyldimethyl phosphite. The 
ethyldimethyl phosphite in an appropriate solvent, such as glyme, can then be reacted 
with C0CI2 in the presence of NaBR* to produce HCo[C 2 H 5 OP(OCH 3 )2]4. The cobalt 
organometallics can then be purified by art recognized means, as for example by 
extraction with organic solvents and batch adsorption and elution from neutral 
alumina, followed by a final distillation or sublimation step. Similar salts of metals 
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from Groups Vllb, VIII, IX or X can be utilized in this manner to prepare 
organometallic compounds suitable for CVD applications. 

The organometallic precursor compounds of the present invention can be used 
in conventional CVD apparatuses using known CVD techniques to produce metal 
and/or metal silicide films on desired substrates. The films produced using the 
organometallic compounds of the present invention as CVD precursors can be 
substantially free of carbon and oxygen contamination. Substrates of particular 
interest include those comprised of silicon, gallium arsenide (GaAs), silicon carbide, 
silicon nitride, germanium, as well as various multilayer substrates, such as titanium 
and titanium nitride coated silicon and silicon on sapphire (sos), or any other substrate 
configuration used in the manufacture of electronic devices, particularly 
microelectronic components such as integrated circuits. Other suitable substrates 
include ceramic surfaces, for example, but without limitation, Si0 2 , SiO x N y , A1 ? 0 3 , 
Ti0 2 , MgO, Ta 2 0 5 , and ITO (indium tin oxide), as well as mixed metal oxides and 
polymer surfaces. 

In one embodiment of the present invention, metal or metal containing films 
are deposited on at least a portion of the surface of a desired substrate by contacting 
the surface or portion thereof with an organometallic compound of the present 
invention. In one instance, the organometallic compound is in the liquid phase as it 
contacts the substrate surface. In a preferred embodiment, the organometallic 
compound is vaporized, the substrate surface, or portion thereof, is contacted with the 
vapor, the compound decomposed and a metal or metal derivative is deposited on the 
substrate or portion thereof. In one embodiment, the reaction includes a thermal 
decomposition of the organometallic compound at the substrate surface, as for 
example, but without limitation, by contacting the substrate surface with a vaporized 
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organometallic compound of the present invention when the substrate surface or 
portion thereof is at a temperature at or above the thermal decomposition temperature 
for the organometallic compound. In a second embodiment, the reaction includes a 
decomposition reaction catalyzed or otherwise facilitated by the substrate surface 
when the substrate surface or portion thereof is at a temperature below the thermal 
decomposition temperature for the organometallic compound. 

In a typical CVD embodiment of the present invention, a substrate to be 
coated is cleaned and placed in a CVD vacuum chamber, which is then flushed with 
an inert gas and evacuated. The precursor is maintained at a desired temperature in a 
reagent source chamber. A controlled stream of precursor compound in the vapor 
state is introduced into the CVD chamber through a regulated feed line from the 
reagent source chamber and carried past the substrate, optionally with the aid of an 
inert carrier gas stream, as for example, but without limitation argon, nitrogen, 
helium, xenon or the like. The substrate is heated to a temperature at which the 
precursor compound reacts on the substrate, whether by thermal decomposition or by 
a substrate facilitated decomposition reaction, to deposit the Group Vllb, VIII, IX or 
X metal, releasing the remaining reaction products into the vapor phase, where they 
are then evacuated from the chamber as a waste product. 

As is well known in the art, the substrate can be heated as a whole to produce 
a uniform coating of metal or metal containing material, as for example, but without 
limitation, a metal silicide, over the entire exposed surface. Alternatively, as is also 
known in the art, small, specific areas on the substrate surface can be heated to the 
desired substrate temperature, as for example with a scanning focused laser beam, to 
coat only the specific areas heated with metal or metal containing material. The films 
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obtained can be patterned either during the deposition or after by any number of 
methods as are familiar to those skilled in the art. 

Advantageous, substrate temperatures may range between about 100°C and 
about 700°C, preferably between about 120°C and about 500°C, and more preferably 
between about 130°C and about 400°C. Advantageous cobalt precursor feed 
temperatures may range between about 25°C and about 200°C, preferably between 
about 40°C and about 170°C. These ranges are by way of example, rather than 
limitation. The optimum temperature will depend on the substrate and organometallic 
precursor used, as well as the reaction conditions, including the pressures in the 
precursor source chamber and reaction chamber. For example, feed and/or substrate 
temperatures for solid metal precursor compounds may be higher than the ranges 
above, while liquid precursor compounds, particularly if under relatively high 
vacuum, may be lower than the above ranges. 

The deposition time required to produce a film of a desired thickness is easily 
calculated after a determination of the rate of deposition for a given compound at a 
given temperature with a given substrate and substrate temperature, and optionally 
with a given carrier gas stream flow rate and/or reducing reagent concentration. By 
way of example, but without limitation, typical deposition times may range between 
about 10 minutes and about 24 hours or more typically between about 10 minutes and 
about 60 minutes. 

Prior to heating the substrate or the beginning of the deposition, the system is 
preferably purged with a non-reactive gas such as argon, nitrogen, helium, xenon or 
the like. Though not a necessity, it is preferred to evacuate the reaction chamber prior 
to deposition. During the deposition, the pressure in the reactor is typically 
maintained at a partial vacuum, as for example, but without limitation, at a pressure of 
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about 0.1 to about 10 mm Hg when a carrier gas is used. System pressures when no .-. 
carrier gas is used are generally lower, as for example, but without limitation, between 
about 0.01 and 0.1 mm Hg and can be as low as 10* 12 to about 10" 6 when ultra-high 
vacuums are utilized. The rate of deposition is dependent on the whole of the 
combination of reaction conditions used, including the pressure and the use or non- 
use of a carrier gas. 

When silicon is the substrate being coated, the initial metal film can optionally 
be subjected to an annealing process, as is well known in the art, to convert at least a 
portion of the metal to a metal silicide. In other embodiments the deposited metal 
film is not treated to form a corresponding silicide, instead being used in its pure 
form. 

Alternatively, as is also known in the art, silicon can be co-deposited with the 
metal by CVD using a suitable silicon precursor compound, such as silane or disilane, 
under conditions where a metal silicide is formed on the substrate surface directly. 
Co-deposition of silicon with a metal may be used to form metal silicide films on non- 
silicon substrates, such as GaAs, as well as on silicon surfaces. Metal silicides can be 
formed on a silicone substrate by co-deposition of silicon and a metal on a silicon 
substrate or by deposition of a metal onto the substrate followed by an annealing step. 

It would likewise be possible to co-deposit other compounds with the metal by 
including an appropriate precursor compound in the vapor feed to the CVD reaction 
chamber. 

In another aspect of the present invention, a film is provided which includes a 
metal or a metal containing compound, which film is obtainable by contacting an 
organometallic compound of the present invention with a substrate surface to deposit 
metal or a metal containing compound thereon. In a preferred embodiment of this 
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aspect of the invention, the decomposition includes contacting the organometallic 
compound with the surface when the surface or a portion thereof desired to be coated 
is heated to a temperature at which the organometallic compound decomposes upon 
contact, whether by thermal decomposition, at or above the compound's thermal 
decomposition temperature, or by catalysis or other facilitation of the substrate 
surface or precursor molecule, at a temperature below the thermal decomposition 
temperature of the compound, as for example, but without limitation, in a CVD 
process. Figure 1 (not to scale) shows a schematic diagram of such a film 14, where 
surface 12 of substrate 10 has been coated with metal or a metal containing compound 
13 by reaction with an organometallic compound of the present invention. In a 
preferred embodiment, film 14 is characterized by being substantially free of 
contamination by carbon and/or oxygen. 

In another embodiment of this aspect of the invention, the substrate is an 
integrated circuit work piece. Figures 2 and 3 (not to scale) illustrate by way of 
example, but without limitation, various processing stages of an integrated circuit 
work piece 20. Figure 2 depicts work piece 20 before a selective coating process is 
performed. Figure 3 depicts work piece 20 after performance of a selective coating 
process. Work piece 20 includes silicon wafer substrate 22 having a substrate surface 
24. Work piece 20 has multiple insulated gate field effect transistors (IGFETs) 30a 
and 30b, each comprising a polysilicon gate member 32 bounded by a pair of 
dielectric spacers 34, and insulative gate pad 36. Work piece 20 is reacted, as for 
example, but without limitation, in a CVD method, with an organometallic compound 
of the present invention, whereby the metal of an organometallic material 42, 44, and 
46 is deposited on the piece as shown in figure 3. The metal or metal containing 
material 42, 44, and 46 may be selectively deposited on the silicon substrate surfaces 
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24 and on the surfaces of the polysilicon gate members 32, or may be blanket 
deposited over the entire workpiece surface and then selectively removed to leave the 
depicted pattern of metal or metal containing material 42, 44, and 46 only on the 
silicon substrate surfaces 24 and the surfaces of the polysilicon gate members 32 by 
any number of methods well known in the art. 

In a preferred embodiment, the metal containing material 42, 44, and 46 is a 
metal silicide formed by annealing a metal film after deposition, or by co-deposition 
of a metal with silane, disilane or other silicon CVD precursor compound. 

It should be appreciated that in other embodiments, more or fewer integrated 
circuit devices can be involved, and that alternatively or additionally, other types of 
integrated circuit devices can be processed in accordance with the present invention, 
including, but not limited to, resisters, capacitors, bipolar junction transistors, diodes, 
and the like. Also, metal containing compounds can be applied to other types of 
substrates such as those directed to micro-machinery fabrication. In yet other 
embodiments, different substrates and/or IGFET compositions and deposition 
techniques other than CVD can be alternatively or additionally applied. 

The following are examples of specific embodiments of the present invention 
and are illustrative of its principles. They are not to be considered restrictive, but 
merely representative of the broader invention disclosed. 

Example 1. Synthesis of Metal Precursor Compounds. 

All reactions and subsequent manipulations involving organometallic reagents 
were performed under argon or nitrogen atmosphere using Schlenk-type glassware 
and glovebox techniques. All solvents were freshly distilled from sodium under 
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nitrogen. The phosphites were freshly distilled or sublimed under nitrogen. H-NMR, 
spectra were recorded on a Varian™ U400 spectrometer. 
Synthesis of C 2 H 5 OP(OCH 3 )2 and other mixed phosphites. 

PC1 3 (0.1 mole) was added to 500 mL diethyl ether in a 2 L round-bottomed 
flask and cooled to -78°C. Dimethylaniline (0.10 mole) and ethanol (0.1 mole) were 
added slowly with stirring. Stirring continued for 2-3 hours. The reaction was 
recooled to -78°C and dimethylaniline (0.20 moles) and methanol (0.20 moles) was 
added. The reaction mixture was warmed to room temperature and allowed to react 
with stirring for 2-3 hours. The resulting white precipitate was filtered and distilled 
under vacuum after removing the solvent. 

The procedure was repeated with the appropriate alcohols to produce the 
following phosphites and mixed phosphites: 
(C 2 H s O) 2 P(OCH 3 ), 

(C 2 H 5 0) 2 P(O i C 2 H 9 ), 

(CH 3 0) 2 P(O i C 3 H 7 ), 

(CH 3 0) 2 P(O n C 3 H 7 ), 

(CH 3 0) 2 P(O n C 4 H 9 ), 

(CH 3 0) 2 P(OCH 2 C 6 H 5 ), 

(CH 3 0) 2 P(OC 6 H 5 ), 

P(OCH 3 ) 3 , P(OC 2 H 5 ) 3 , P(OCH(CH 3 ) 2 ) 3 , P(OC4H 9 ) 3 and (CH 3 ) 3 SiOP(OCH 3 ) 2 were 

purchased from Aldrich. 

Synthesis of Metal Complexes 

The corresponding cobalt complexes were then synthesized as follows: 
60 mmoles of the phosphite product from above was added to 15 mmoles 

(2.0 g) CoCl 2 in 30 ml 2-methoxyethyI ether (diglyme) under nitrogen and stirred. 
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The solution was cooled to -78 °C and 20 mmoles NaBHU (3.0 g) was added to the 
mixture. The mixture was allowed to warm slowly to room temperature over 4 hours 
with stirring, and then stirred for an additional 2 hours. The solvent was removed in 
vacuo, followed by extraction with hexane. The hexane extracts were eluted with 
hexane through a chromatographic column of neutral alumina. 

The product cobalt precursor compounds were identified by H-NMR. The 
precursors were further purified before use by sublimation or distillation at between 
about 70-120 °C and between about 0.02-0.50 mm Hg. The onset of sublimation for 
HCo[(OCH 3 )P(OC 2 H 5 )2]4 was around 70 °C, however, the bath temperature was 
raised to 120 °C to increase the sublimation rate. HCo[(OCH 3 )P(OC 2 H5) 2 ]4, 
HCo[P(OCH 3 ) 3 ]4, HCo[P(OC 2 H 5 ) 3 ] 4 , HCo[P(OCH(CH 3 ) 2 ) 3 ] 4 , and HCo[P(OC 4 H 9 ) 3 ]4 
were sublimed without leaving significant residue. This indicated higher vapor 
pressure as well as better thermal stability of the former compared to the latter 
precursors. The liquid HCo[(OC 6 H 5 )P(OCH 3 ) 2 ] 4 required higher vacuum for the 
distillation and therefore was not distilled before use. 

Metal complexes of manganese, technetium, rhenium, iron, ruthenium, 
osmium, rhodium, iridium, nickel, palladium and platinum can be prepared and 
characterized utilizing the general procedure described above. 
Synthesis of Metal Silylphosphites. 

12.13 mL of dimethyltrimethylsilylphosphite was added to 2.0 g CoCl 2 in 30 
ml diethylene glycol dimethyl ether under nitrogen and stirred. The solution was 
cooled to -78 °C and 3.0 g NaBR* was added to the mixture. The mixture was 
warmed slowly to room temperature over 4 hours and then stirred for an additional 2 
hours. The solvent was removed in vacuo, followed by extraction with hexane. The 
hexane extracts were eluted with hexane through a chromatographic column of 
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neutral alumina. A liquid product was isolated in approximately 80% yield. The 
product was identified as HCo[(CH 3 ) 3 SiOP(OCH 3 )2]4by H-NMR. 

Metal silylphosphites of manganese, technetium, rhenium, iron, ruthenium, 
osmium, rhodium, iridium, nickel, palladium and platinum can be prepared and 
isolated utilizing this same general procedure. 
Example 2. Use of Metal Precursor Compounds in C VD. 

The cobalt precursor compounds from Example 1 were used to produce cobalt 
films on silicon wafers by CVD as summarized in Table 1. For each deposition, a 
silicon wafer was placed in the reaction chamber of a CVD unit, and the system was 
purged with argon gas. The reactor was then evacuated to 10~ 6 mm Hg, and the wafer 
was heated to the stated temperature. The precursor vessel was maintained at the 
stated temperature. Deposition was conducted for the stated times. During the 
deposition, the reaction chamber pressure was maintained at 0.05 mm Hg when no 
carrier gas was used or at 5.0 mm Hg when argon or hydrogen was used. Pressures 
ranging from 0.1 to 10 mm Hg or higher have generally been preferred when a carrier 
gas is used. 

The depositions resulted in cobalt films being deposited. Deposition of 
HCo[P(OC 2 H 5 )3]4 for 12 minutes with a substrate temperature of 300°C, 0.5 mm Hg, 
and no carrier gas, resulted in a cobalt film measured at 1600-1800 nm thickness. 

Organometallic precursor compounds based on manganese, technetium, 
rhenium, iron, ruthenium, osmium, rhodium, iridium, nickel, palladium, and platinum 
according to Example 1 can be used to produce metal films on silicon wafers in a 
similar manner. 
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Example 3. Integrated circuit device having a cobalt film. 

An integrated circuit device work piece is provided with a blanket film of 
cobalt as follows: An integrated circuit work piece is cleaned by standard procedures 
and placed in a CVD reactor. The reaction chamber is evacuated and backfilled with 
argon. HCo[(CH 3 )3SiOP(OCH 3 )2]4 is maintained at 50°C in the reagent source 
chamber. The integrated circuit work piece is heated to 150°C. 
HCo[(CH 3 )3SiOP(OCH 3 ) 2 ]4 vapor is fed into the reaction chamber at 50°C and 
0.2 mm Hg pressure for 30 minutes. The vapor feed is replaced with a pure argon 
feed to flush remaining decomposition by-products from the chamber and the coated 
work piece is cooled to room temperature. A layer of cobalt greater than 1800 nm 
thick is deposited on the surface of the integrated circuit work piece and is essentially 
free of carbon and oxygen contamination. 
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Additional integrated circuit devices having a metal film derived from 
manganese, technetium, rhenium, iron, ruthenium, osmium, rhodium, iridium, nickel, 
palladium, and platinum free of oxygen and carbon can be prepared according to 
Example 3 utilizing the organometallic precursors described herein. 

While the invention has been described in detail in the foregoing description, 
the same is to be considered as illustrative and not restrictive in character, it being 
understood that only the preferred embodiments have been described and that all 
changes and modifications that come within the spirit of the invention are desired to 
be protected. 
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